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Narrowband LTE - Random Access Performance Evaluation
Introduction
At GERAN#62 a new study item named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved to meet the needs of cellular internet of things  [1]. The study is open to both a non-legacy based design, and/or a backward compatible evolution of GSM/EDGE.
A narrowband LTE based solution (called NB-LTE) is proposed in [3]. The document provides a high level description of the random access concept in NB-LTE such as the subcarrier spacing and multiplexing. A more detailed description regarding the random access channel in NB-LTE can be found in [3].
Performance Evaluation
In this section, simulation results are presented to evaluate NB-LTE PRACH design. The simulation assumptions used are based on the ones outlined in [2], and are summarized in Table 1.
[bookmark: _Ref425174722]Table 1: Simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 km

	Timing uncertainty
	Randomly drawn from [0, 233.3 us]. See Note 1.

	Frequency error
	Randomly drawn from {-50 Hz, 50 Hz}. See Note 2.

	MS frequency drift
	Randomly drawn from {-22.5 Hz/s, 22.5 Hz/s}.

	Preambles
	Zadoff-Chu sequences with roots 1,…, 64.

	Number of channel realizations
	5,000

	Note 1: 233.3 us is the maximum round-trip delay in the cell of size 35 km.
Note 2: 99% frequency errors are within 50 Hz in NB-LTE cell search [5]. 



Coverage performance
For PRACH preamble detection at the receiver, a threshold is set such that false alarm detection rate is sufficiently low when thermal noise is fed to the receiver. When repetitions are used (PRACH formats 2 and 3), detection statistics of each three PRACH segments that are in the same PRACH slot are coherently combined, and detection statistics are non-coherently combined across PRACH slots and receive antennas. 
As reference values, LTE specifies that PRACH false alarm rate is 0.1% and PRACH detection rate is 99% [5].
False alarm rate 
Simulations have been run with 100,000 realizations to test false alarm rates. The results are given in Table 2.  It can be seen that the predetermined thresholds achieve extremely small false alarm rates.
[bookmark: _Ref426019122]Table 2: PRACH false alarm rate
	Number of segments
	1
	6
	27

	SNR (dB)
	-2.4
	-12.4
	-22.4

	False alarm rate
	1/100,000
	0/100,000
	0/100,000



Detection rate
For PRACH preamble detection at the receiver, a misdetection is counted if either (1) the peak of accumulated detection statistic does not exceed the pre-determined threshold or (2) the detected preamble index is incorrect when the peak of accumulated detection statistic exceeds the threshold.
PRACH detection rate performance under different number of PRACH segments are presented in Table 3. The results show that the three PRACH formats can achieve greater than 99% detection rates under -2.6 dB, -12.4 dB, -22.4 dB SNR, respectively.
[bookmark: _Ref425167659]Table 3: PRACH detection rate
	Number of segments
	1
	6
	27

	SNR (dB)
	-2.4
	-12.4
	-22.4

	Detection rate (%)
	99.86
	99.14
	99.42



Based on the misdetection rate performance, Table 4 summarizes NB-LTE PRACH coverage performance. It can be seen the 164 dB MCL target can be met by the design.
[bookmark: _Ref425168276]Table 4: PRACH coverage performance
	1)      Tx power (dBm)
	23
	23
	23

	2)      PSD (dBm/Hz)
	-174
	-174
	-174

	3)      Rx noise figure (dB)
	3
	3
	3

	4)      Interference margin (dB)
	0
	0
	0

	5)      BW (Hz)
	160000
	160000
	160000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-118.9588
	-118.9588
	-118.9588

	7)      Required SINR (dB)
	-2.4
	-12.4
	-22.4

	8)      Rx sensitivity (dBm)
6)+7)
	-124.5588
	-133.3588
	-141.3588

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	144.3583
	154.3583
	164.3583



Time of arrival estimation performance
Among others, a main objective of random access is to achieve uplink synchronization, which is important for maintaining the uplink orthogonality in LTE. To this end, the receiver (i.e., base station) estimates the time-of-arrival from the received preamble. Figure 1 shows the distributions of time-of-arrival estimation errors for the three PRACH formats under -2.4 dB, -12.4 dB, -22.4 dB SNR, respectively. The results show that the estimation errors are within 3 PRACH samples, or equivalently, 18.75 us. In NB-LTE, the shortest CP is 28.2 us (4.7 us LTE CP expanded by 6 times). Therefore, the time-of-arrival estimation errors (up to 18.75 us) can be handled by the CP and thus the time-of-arrival estimation accuracy is satisfactory.
[image: C:\local_data\MassiveMTC\Matlab\NB_LTE_RACH\Results\timing_combined.png]
[bookmark: _Ref425169115]Figure 1: Distribution of time-of-arrival estimation errors. Blue curve: Format 0 at -2.4 dB SNR; red curve: Format 1 at -12.2 dB SNR; green curve: Format 2 at -22.4 dB SNR.
Random access preamble capacity
In this subsection, random access preamble capacity is evaluated under Building Penetration Loss (BPL) Scenario 2 with inter-site correlation coefficient 0.75 [2]. The corresponding coupling loss statistics collected are given in Table 5. Coupling loss statistics were also collected for three other scenarios (i.e., BPL Scenario 1 with inter-site correlation coefficient 0.5, BPL Scenario 1 with inter-site correlation coefficient 0.75, and BPL Scenario 2 with inter-site correlation coefficient 0.5). It turned out that Scenario 2 with inter-site correlation coefficient 0.75 is the most challenging configuration and yields the highest amount of devices with high coupling loss, and thus it is the focus of random access capacity evaluation.
For the traffic model (mobile autonomous reporting) in [2], periodic inter-arrival times are given as 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). There are 52547 devices per sector. Table 5 gives the average arrival rates for users in basic, robust and extreme coverage modes.
[bookmark: _Ref425170165]Table 5: Coupling loss statistics and traffic arrival rates: Scenario 2 with 0.75 inter-site correlation coefficient
	Coupling loss
	<144 dB
	[144 dB, 154 dB]
	>154 dB

	Percentage
	88.42%
	9.01%
	2.57%

	MAR mean arrival rate (/s)
	6.0229
	0.6137
	0.1751



As one example configuration, suppose a cell reserves 10 preambles out of the total 64 preambles for contention-free random access. The preamble dimensioning among the three coverage classes goes as follows. Recall users in basic, robust, and extreme coverage modes require 1, 6, 27 PRACH segments, respectively. To ensure fair random access opportunities, one way to dimension preambles may go as follows.


Here recall 88.42%, 9.01%, 2.57 % are the respectively percentages of devices in the three coverage classes, and 1, 6, 18 are the respectively number of PRACH segments used for preamble transmission.  Setting (N0, N1, N2) = (24, 16, 14) roughly satisfies the above equations. 
With the above preamble dimensioning among the three coverage classes, Table 6 shows the average numbers of users per second that can perform random access while meeting 1% preamble collision rate. Here a preamble collision is counted if two or more users select the same preambles when they are using the same PRACH format (i.e. in the same coverage class). It can be seen that the random access preamble capacity of NB-LTE can well handle the MAR traffic demand indicated in Table 5. 
[bookmark: _Ref425170891]Table 6: Random access preamble capacity performance
	Format
	Number of preambles
	Random access capacity (/s) @1% collision rate

	
	
	60 ms PRACH period
	120 ms PRACH period

	0
	24
	178
	89

	1
	16
	20
	10

	2
	14
	6
	3



Conclusions
This contribution presents simulation results for the NB-LTE PRACH design detailed in [3]. Simulation results show that the design can meet 164 dB MCL target, achieve very low false alarm rate and high detection rate, and enable satisfactory time-of-arrival estimation at the base stations.
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